Advances in molecular biology have lead to the development and approval of new treatments that improve survival for patients with metastatic melanoma. The limited duration of clinical response for targeted agents and the low overall response rate for immunotherapies illustrate that more work needs to be carried out. There are four Food and Drug Administration (FDA)-approved therapies for the treatment of metastatic melanoma. The optimal sequence of these therapies remains unclear with no prospective data to guide clinicians. It is also uncertain whether combining agents with different cell signaling properties or different immune mechanisms will provide therapeutic benefit to patients. Defining appropriate therapeutic sequences and or combinations may lead to improved treatment efficacy and is currently an area of active research. In this article we discuss recent advances in the treatment of metastatic melanoma and current treatment limitations. We summarize the limited clinical data on the sequencing and combination of therapies and discuss future therapeutic strategies.
and targeted therapy have translated into improved survival rates up to a median of 10-13 months. 6, 7 
Approved Therapies
There are currently four US Food and Drug Administration (FDA)-approved treatments for metastatic melanoma: intravenous bolus high-dose interleukin-2 (hD IL-2), dacarbazine (DTIC), ipilimumab, and vemurafenib.
DTIC was the first FDA-approved treatment and was considered the Immunotherapy with hD IL-2, a type 1 cytokine, at a dose of 600,000-720,000 IU given to tolerance every 8 hours for up to 5 days is associated with an overall RR of approximately 16 %, with around 6 % of patients achieving durable complete responses (CRs) 10 Although this therapy can be associated with significant toxicities including hypotension, pulmonary edema, renal failure, and mental status changes, these side effects are transient and can be safely managed by experienced clinicians. A recent retrospective study suggested that patients with an elevated lactate dehydrogenase (LDh) may be less likely to derive benefit from hD IL-2 and those with nRAS mutations were more likely to derive benefit. 11 In summary, hD IL-2 should be considered only for select patients with a good performance status.
12
In 2011, the FDA approved two further therapies for the treatment of metastatic melanoma-ipilimumab and vemurafenib. Ipilimumab is a fully human immunoglobulin g1 (Igg1) monoclonal antibody that blocks cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), a T-cell immunosuppressive receptor. 13 In a phase III study comparing ipilimumab with or without glycoprotein 100 (gp100) peptide vaccine, to gp100 vaccine alone, reported an overall RR (oRR) of 10.9 % to ipilimumab and a median oS of 10.1 months. 7 In a phase III trial of ipilimumab in treatment-naive patients with metastatic melanoma, ipilimumab plus DTIC demonstrated improvement in oS versus single agent DTIC (11.2 versus 9.2 months, respectively).
14 There was a near doubling of oS at the two-and three-year time points in patients treated with ipilimumab compared with the control group.
The second drug approved in 2011 was the B-Raf (BRAF) v600E kinaseinhibitor vemurafenib. Approximately 40 % to 50 % of melanomas carry an activating mutation in the BRAF gene, and of these mutations 90 % result in the substitution of glutamic acid for valine at codon 600 (BRAF v600E).
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The use of vermurafenib is limited to patients with a demonstrated BRAF v600E mutation. In a phase III trial, vemurafenib was superior to DTIC in terms of RR, PFS and oS benefit. 6 While the objective RR of vemurafenib is nearly 50 % and ~90 % of patients experience some degree of tumor regression, the median duration of response is only ~6 months 15 with resistance occurring in virtually all patients.
Surgical Resection for Cure
The role for surgical excision of all known metastatic disease in patients with stage Iv melanoma is the subject of debate. however, there was little benefit in time-to-progression, and survival. 31 A systematic review on the effects of chemotherapy and immunotherapy on metastatic melanoma concluded that immunotherapy was unlikely to increase survival when added to chemotherapy. 32 Several research groups have investigated, or are currently investigating, the efficacy of biochemotherapy combinations containing ipilimumab. In a randomized phase II study of ipilimumab versus ipilimumab and DTIC, the ipilimumab/DTIC combination resulted in an increased oRR (14.3 % versus 5.4 % for ipilimumab monotherapy) and improved one-, two-, and three-year survival. 33 Similarly, in a phase III randomized trial, ipilimumab in combination with DTIC was reported to increase median oS compared with DTIC alone (11.2 versus 9.1 months). 14 Preliminary results from a single-arm phase II study found that the combination of ipilimumab and temozolamide achieved overall disease control (CR/partial response [PR] , and stable disease [SD]) of 67 %. 34 The combination of ipilimumab and bevacizumab in a phase I trial resulted in a RR of 36 % and achieved overall disease control in 67 %; however, immune-related adverse reactions were increased using this combination. 35 however, efficacy data were similar to that reported with paclitaxel/ carboplatin alone. 40 Similarly, a recent phase III trial of the tyrosine protein kinase inhibitor sorafenib found that there was no improvement in oS when sorafenib was given in combination with paclitaxel/carboplatin for chemotherapy-naive patients with metastatic melanoma.
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Radiotherapy historically, melanoma has been considered to be relatively radioresistant and radiotherapy has generally only been used as a treatment option in patients with central nervous system (CnS) involvement and brain metastases. Following preclinical data that suggested that focal highdose radiation can make tumors more immunogenic, 42,43 a phase I study of stereotactic body radiation therapy (SBRT) followed by hD IL-2 was undertaken for patients with metastatic renal cancer or melanoma. 44 of the seven patients with melanoma in this study, five had objective responses. . 49 In patients treated with vemurafenib following immunotherapy, RRs were similar to that seen in previously untreated patients. Conversely, the median PFS and oS for patients receiving immunotherapy after discontinuation of vemurafenib were poor. This was hypothesized to be due to rapid progression of disease following vemurafenib discontinuation, and it was suggested that immunotherapy should be considered prior to the development of resistance to vemurafenib. The Eastern Cooperative oncology group (ECog) is planning the E1612 study to test the optimal sequencing of ipilimumab and vemurafenib (i.e. ipilimumab followed by vemurafenib against vemurafenib followed by ipilimumab). 50 Appropriate sequencing of current immunotherapies is also under investigation. A recent retrospective study aimed to determine if prior response or PFS to hD IL-2 therapy was associated with oS to subsequent treatment with ipilimumab 11 and found that prior clinical response to hD IL-2 did not predict benefit to subsequent ipilimumab treatment. Similarly, a 12 % oRR to ipilimumab was demonstrated in patients who had received IL-2 and progressed before receiving ipilimumab. 22 Interestingly, in the retrospective study, 11 17 % of the patients treated with hD IL-2 required no further systemic treatment, highlighting the value of hD IL-2 as a first-line treatment in select patient.
Summary and Concluding Remarks
Expert opinions of optimum therapeutic approaches to malignant melanoma are given below, and Emerging therapies for the treatment of metastatic melanoma still need to be proven to be safe and efficacious, while all of the currently approved therapies for metastatic melanoma have limitations. The major challenge is to improve the RRs to ipilimumab, IL-2 and DTIC, and increase the duration of response to vemurafenib. The optimal sequencing of these therapies remains unknown, and there is little prospective data to guide clinicians.
If eligible, patients should undergo therapy in the context of a clinical trial setting so that optimal therapies, sequencing, or combinations defined by efficacy, safety, and durability can be identified. Sequential therapy, and/or treatment with combinations of targeted agents, will hopefully lead to improved treatment efficacy and is currently an area of intensive clinical research.
Expert Panel Opinion in Terms of Current Therapies and Future Directions for Metastatic Melanoma Treatment
With the emergence of new and effective therapies for metastatic melanoma, clinicians and patients are presented with the dilemma of trying to determine treatment selection and sequencing without the benefit of randomized, prospective data to guide these decisions. When first meeting a new patient with metastatic melanoma or presented with a patient with high-risk disease who has evidence of new metastatic disease, several important pieces of information are required to make a treatment decision. These include:
1. Presence or absence of brain metastasis.
2. Breadth and rate of growth of disease.
3. Performance status and medical co-morbidities.
4. Fitness for high-dose IL-2 (i.e. cardiac, pulmonary function).
5. history of autoimmune disease.
6. BRAF mutational status.
Presence of other oncogenic mutations.
In general, we explore the possibility of immunotherapies such as high- 
Future Directions of Sequencing or Combining Immune and Targeted Therapy
As mentioned, the optimal combination or sequencing of immune and targeted therapy remains unknown and requires prospective testing to identify a "best" regimen if such thing exists. Several factors need to be considered when trial designing. First, the optimal sequence of immune therapy and targeted therapy should be addressed, and trials that start with one therapy and then switching to another at the time of progression are in development. Second, the subtler question of trying to optimize the timing of the sequence therapies also must be answered. For example, there is emerging preclinical data to suggest that a tumor is more immune evasive at the time of BRAF resistance suggesting that immune therapies may be less effective once BRAF resistance has occurred in the patient. 54, 55 Trials that address an optimal time to add an immune therapy after a patient begins a targeted agent but before they develop resistance to the targeted agent is a worthwhile objective. Third, in addition to sequencing immune and targeted therapies, trials that combine immune and targeted therapies should be performed to evaluate both the safety and efficacy. 
Suggested Therapy
In this scenario, the patient clearly has high-volume disease with an elevated LDh. Retrospective data from the analysis of 208 patients who received high-dose IL-2 with metastatic melanoma revealed that patients with an elevated LDh were unlikely to respond to high-dose IL-2, and prior studies have also suggested that patients with extensive disease onCoLogy & hEMAToLogy REvIEW are less likely to respond to high-dose IL-2 than patients with cutaneous, lymph node, or lung metastasis. 10 Also, in a subset analysis of the phase III study involving ipilimumab versus gp100, the hazard ratio for patients with an LDh greater than normal crossed 1.0 indicating these patients did not receive a significant oS benefit from ipilimumab compared with the patients who received gp100. 7 given this rationale, we would prefer to start the patient either on a BRAF inhibitor as a single agent or in combination with another targeted agent on a clinical trial with a goal of achieving a rapid and to slow disease progression. Switching to an immune therapy either at the time of progression or the time of best response to vemurafenib are rationale second-line options.
Case 2
A 43-year-old gentleman with a history of 0.54 thick, non-ulcerated melanoma presents with new onset right axillary adenopathy. Imaging reveals a right axillary mass, four lung nodules, and no brain metastasis. An excisional biopsy of the right axilla lymph node reveals metastatic melanoma and BRAF testing is wild-type. The patient undergoes surgical resection of the axillary lymph nodes for palliative reasons and he has an uneventful recovery from surgery. his current performance status is 0, and his labs are all within normal limits including LDh.
Suggested Therapy
The patient is BRAF wild-type, has low-volume disease, and an excellent performance status. In our opinion, this patient would be a good candidate to start with immune therapy, including hD IL-2, ipilimumab, or participation in a clinical trial that involves anti-PD-1 agents or a combination immunotherapy based on hD IL-2 and ipilimumab. If the patient progresses on front-line immunotherapy, we would again assess the patient's performance status, rate and degree of progression, and LDh levels. If the patient again has low-volume disease that is slowly progressing, we again would favor a immune therapy in the second line. If the patient rapidly progresses after front-line immune therapy, we would tend to favor an alterative to immune therapy and likely a clinical trial. n
